In this work, the usefulness of Conductive Diamond Electrochemical Oxidation (CDEO) 10 to degrade caffeine in real urban wastewater matrixes was assessed. The oxidation of 11 actual wastewater intensified with caffeine (from 1 to 100 mg L -1 ) was studied, paying 12 particular attention to the influence of the initial load of caffeine and the differences 13 observed during the treatment of caffeine in synthetic wastewater. The results showed 14 that CDEO is a technology that is capable of efficiently degrading this compound even at 15 very low concentrations and that it can even be completely depleted. Profiles of the ionic 16 species of S (SO4 2-), N (NH4 + , NO3 -) and Cl (ClO -, ClO3and ClO4 -) were monitored and 17 explained for plausible oxidation mechanisms. It was observed that the efficiency 18 achieved is higher in the treatment of real wastewater than in the oxidation of synthetic 19 wastewater because of the contribution of electrogenerated oxidant species such as 20 hypochlorite. The formation of chlorate and perchlorate during electrochemical processes 21 was observed, and a combined strategy to prevent this important drawback was 22 successfully tested based on the application of low current densities with the simultaneous 23 dosing of hydrogen peroxide.
Introduction

53
Persistent Organic Pollutants (POPs) are chemicals that possess a combination of physical 54 and chemical properties that allow them to resist biodegradation and accumulate in the 5 μm C18 analytical column was used. Solvent A was composed of 25 mM of a formic Ionic species (NH4 + , NO3 -, NO2 -, SO4 2-, Cl -, ClO2 -, ClO3 -, and ClO4 -) were measured by 146 ion chromatography using a Shimadzu LC-20A equipped with a Shodex IC I-524A 147 column (anionic species) or Shodex IC YK-421 column (cationic species); mobile phase, 148 2.5 mM phthalic acid at pH 4.0; flow rate, 1•10 -3 dm 3 min −1 (concentration accuracy: ± 0.5 149 %). The peak corresponding to hypochlorite interferes with the peak of chloride; 150 therefore, the determination of hypochlorite was conducted by titration with 0.001 M 151 As2O3 in 2.0 M NaOH. This method consists of a redox determination to selectively 152 quantify the hypochlorite concentration. In particular, it is based on the redox reaction 153 between the hypochlorite and arsenite. Hypochlorite is reduced to chloride by the 154 continuous addition of arsenite, which is oxidized to arsenate. Pretreatment of the samples 155 consists of the addition of 2•10 -3 dm 3 of NaOH (2 M) to increase the pH. The wastewater was stored in a glass tank and circulated through the electrolytic cell by 169 means of a centrifugal pump (flow rate 21.4 dm 3 h -1 ). The mass transfer coefficient (Km) 170 of the electrochemical cell within the fluid dynamic conditions used (21.4 dm 3 h -1 , 298 171 K) was 8•10 -6 m s -1 and was calculated using a standard Fe(CN)6 3+ / Fe(CN)6 2+ current 172 limit test (Cañizares et al., 2006) . A heat exchanger coupled with a controlled thermostatic 173 bath (Digiterm 100, JP Selecta, Barcelona, Spain) was used to maintain the temperature 174 at the desired set point (25 °C). A dosing system is also coupled to dose hydrogen 175 peroxide with a mass flow ranging from 0.15 to 4.95 mg min -1 . The cell voltage did not vary during electrolysis, indicating that the conductive diamond layers did not undergo 177 appreciable deterioration or a passivation phenomenon. Prior to use in galvanostatic 178 electrolysis assays, the electrode was polarized for 10 min using a 0.035 M Na2SO4 179 solution at 30 mA cm -2 to remove impurities from the electrode surface. As expected, in every case, the electric current charge required for the total removal 191 increases with the initial organic load. Additionally, it is important to note the higher 192 efficiency of the process in real wastewater compared with the experiments conducted in 193 synthetic medium with Na2SO4 as the supporting electrolyte. Regarding the degradation of caffeine (part b), it seems to be again more efficient in real 196 wastewater than in the synthetic medium, and, as expected, the applied electric charge 197 necessary to achieve the complete removal of the compound also depends on the initial (Rajkumar et al., 2007; Song et al., 2010; Madsen et al., 2015) .
216
The concentration of some ionic species was also monitored during the experiments. ClO4 -) and N (NH 4+ and NO3 -) in the reaction medium during the different treatments.
219
The concentrations are shown in elemental units.
221
It is important to consider the variability of the wastewater under study. To avoid effects 222 associated with the ageing of wastewater, it was decided to treat only fresh wastewater.
223
As a consequence, the initial concentrations of the ionic species varied between the 224 different experiments. In fact, the two wastewater samples used in the experiment without 225 caffeine and with 10 mg L -1 of this compound had significantly higher initial ammonium 226 concentration ( Figure 4 ) than the other samples. Another important aspect is the evolution of chlorine oxidant species during electrolyses.
251
As confirmed in Figure 3a , the oxidation of chloride may result in the formation of An important consideration is the hazard risk of chlorate and perchlorate formation in the 287 aqueous medium given their toxicity. These compounds are thermodynamically stronger 288 oxidants than hypochlorite is. However, they react slowly with organics at room 289 temperature. Therefore, its contribution to organic mass degradation is expected to be 290 negligible.
292
Concerning the ionic species of nitrogen (Figure 4) , it was observed that the ammonium 293 concentration (part a) slightly decreases during the experiments. This decrease is 294 moderately higher in the experiment conducted with wastewater without intensification.
295
On the contrary, the variation of nitrate in the medium (part b) is very significant. It is 296 widely known that the oxidation of ammonium to nitrate is not favored because the According to the literature (Crump et al., 1998; Cotillas et al., 2015) , hydrogen peroxide 372 may act as an oxidant or reactant, depending on the composition of the reaction medium.
373
Thus, H2O2 can react with hypochlorite to form chloride (Eq. 13) and with chlorate to form chlorine dioxide (Eq. 14). This could explain the lower process efficiency and the 375 concentration profiles of the chlorine species obtained. 
Parameter Value
Cl -(mg Cl L -1 ) 110-180 NO3 -(mg N L -1 ) 3-12 
